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Rheo-inertial transition to turbulence in pipe flow

Antoine Charles!, Jorge Peixinho?, Thierry Ribeiro®, Sam Azimi*, Vincent Rocher?, Jean-Christophe
Baudez' & S. Amir Bahrani!

L IMT Nord Europe, Institut Mines Télécom, Univ. Lille, Center for Energy and Environment, F-59000 Lille
2 Arts et Métiers Institute of Technology, CNRS, CNAM, PIMM, HESAM Université, Paris, France

3 Institut Polytechnique UniLaSalle, Université d’Artois, ULR 7519, 19 rue Pierre Waguet, 60000 Beauvais,
France

SIAAP - Service public pour I'assainissement francilien, Direction Innovation, 82 avenue Kléber, 92700
Colombes, France

antoine.charles@imt-nord-europe.fr

4

Résumé

The transition to turbulence in cylindrical pipes is still not fully understood despite extensive studies
since the Reynolds experiment in the early 1880s [1], even more for non-Newtonian fluids, see recent
reviews [2,3]. We focused here on the mechanism leading to the transition to turbulence in pipe for yield-
stress shear-thinning fluids. This transition occurs for purely shear-dependant viscosity fluids (without
elastic effects) due to their rheological behaviors, so called here rheo-inertial transition to turbulence. An
experimental setup allowed us to identify flow regimes in a cylindrical pipe, by combining flow structures
visualisations and pressure drops measurements. We observed a new regime in the rheo-inertial laminar-
turbulent transition, triggered below the turbulent puffs onset. This pre-transition regime is characterised
by a flow asymmetry [4,5,6] in which its position and degree evolve with the Reynolds number [7]. The
origin for the rheo-inertial regime stability could be due to a favourable competition between the non-
linear contributions of rheological behavior and flow inertia. Beyond this regime, we quantified the puff
transit intermittence. It revealed the delay to turbulence caused by the yield stress. It also revealed for the
first time a different rheo-inertial transitional behavior in the intermittency evolution versus Reynolds,
with a smoother transition on a broader Reynolds hydrodynamical range. Finally the increasing delay to
the onset of turbulent puffs with the yield stress is highlighted.
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Figure 1. Flow visualisations on a yield-stress fluid at Re = 3 875.
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